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Abstract 
Background: Brazilian gas station workers (GWS) are daily exposed to petroleum-
derived hydrocarbons which are harmful. The aim of the study: The aim of this 
study was to evaluate the clinical complaints and the genotoxic effects in GWS. Ma-
terials and methods: Overall, 88 workers were recruited versus 127 controls. To test 
the influence of the time of exposure, we have divided the workers into two groups 
arbitrarily in: Group 1 (G1), with the short time of exposure, ≤ 3 years; and Group 2 
(G2), with the longer time of exposure, > 3 years. Results: The most relevant com-
plaints were headache (32%) and fatigue (20%), lipothymia (11%), and less com-
monly sleeplessness and crustiness (both 5%), drowsiness (4%), irritability (3%) and 
pruritus (1%). 12% of them reported having alcoholic histories. The workers present-
ed concerning alterations found in the blood. Polycythemia (5/88), leukocytosis 
(10/88) and anemia (19/88) were the most frequent. Hepatic enzymatic damage 
showed an increase in LDH, bilirubin and AST. Anemia was not associated with the 
higher LDH rate. Micronucleus (MN) and comet tests were determined in erythro-
cytes and leukocytes, respectively. The MN test was significant for the total workers 
group (P = 0.034). As for the class of the comet tails, they were significantly higher 
for G1 (P = 0.001) and for the total of workers (P = 0.001), for the G2 the signifi-
cance was borderline (P = 0.05). Conclusion: There were important clinical and la-
boratorial complaints. Genotoxicity assays indicated DNA damage and they can be 
useful to prevent serious diseases in this group. 
Keywords: comet assay; gas station workers; genotoxicity; hepatic enzymes; micro-
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Introduction. Gas station workers 
(GSW) are chronically exposed to aromatic 
compounds such as benzene, toluene, 
ethylbenzene, and xylenes, which are found in 
diesel and in gasoline. A dispersal plume is 
produced by the permeability of the gases 
burning fuel during the fluid injection in the 
cars at gas station. Benzene poisoning is a 
group of signs, symptoms, and complications 
occurring by acute or chronic exposure to ar-
omatic hydrocarbons by inhalation and skin 
contact [1]. Acute effects of benzene include 
mucocutaneous irritation, or even pulmonary 
edema, and some central nervous system 
symptoms (narcosis, headache, dizziness, 
drowsiness, nausea, tremors, and seizures). 
Chronic effects, among the most common, are 
blood alterations, such as hypoplasia, myelo-
dysplasia, or severe aplastic aplasia [2, 3]. 
The diagnosis is made by the medical history, 
including regular blood counting and bio-
chemical biomarker exams [1-3]. 
Aplastic anemia is hazardous and with 
high mortality without an adequate treatment. 
It is determined by loss and insufficiency of 
hematopoietic stem cells in front of body‘s 
necessity, resulting in bone marrow failure 
syndrome. The signs include: pancytopenia, 
hypocellular bone marrow [4, 5]. 
The genotoxicity of chemical-induced 
DNA damage can be measured. One efficient 
method is the single-cell gel electrophoresis 
assay (comet assay) reflecting the DNA repair 
capacity. The resulting DNA fragments are 
like a comet image on the electrophoretic gel. 
The comet assay has excellent sensitivity and 
accuracy and it is an important and inexpen-
sive method [6-8]. Another method indicated 
is the micronucleus test (MN) counting [9, 
10]. A MN shows the color of pyknotic nu-
cleus on May-Grünwald Giemsa stain and 
generates a positive Feulgen reaction for 
DNA. They are round, no larger than 0.5µm 
in diameter and, generally, only one is present 
in an erythrocyte. In pathologic situations, 
they appear to represent chromosomes that 
have separated from the mitotic spindle dur-
ing abnormal mitosis and contain a high pro-
portion of centromere material along with 
heterochromatin [11]. 
The aim of the study. The present 
study aims to estimate clinical effects due to 
exposure to benzene in the human body, 
mainly in GSW of the city of Rio de Janeiro 
and to discuss the current Brazilian law con-
cerning benzene poisoning. The methods in-
cluded micronuclei counting and comet assay. 
The clinical exams and questionnaires were 
applied simultaneously.  
Material and Methods. Study popula-
tion: the workers included in the exposed 
group were selected from four gas stations in 
the northern part and midtown of the city of 
Rio de Janeiro. Workers were of any age 18 
or older, with the minimal time of exposure of 
6 months. In addition to the exposed group, 
two subjects that were treated in the Hematol-
ogy Service at Pedro Ernesto University Hos-
pital (HUPE) while this study was going on 
were invited to participate in this study be-
cause of their matching occupational history 
and symptoms. The control group was formed 
by individuals who had never worked with 
aromatic hydrocarbons or in a laboratory. 
They were selected among the administrative 
staff from our University and from a hospital 
in Rio de Janeiro, and among teachers from 
an elementary school nearby. The recruitment 
occurred between 2016 and 2018. The mean 
age of the workers group was 38 years and for 
the control group – 42 years. 
Clinical and the other sociodemographic 
questionnaires were applied to the individuals 
involved in this study. The clinical evalua-
tions made by Medical Doctors samples were 
collected for the regular exams and genotoxi-
city tests (comet and MN). This study was 
approved by the research ethics committees of 
HUPE (CAAE 34310014.9.0000.5259), and 
National Cancer Institute José Alencar Gomes 
da Silva National Cancer Institute (121/09). 
To test the influence of the time of ex-
posure, we divided the workers into two 
groups arbitrarily: Group 1 (G1), with the 
short time of exposure, ≤ 3 years; and Group 
2 (G2), with the longer time of exposure, > 3 
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years. In all statistical tests used, a level of 
significance of 5% (P < 0.05) was considered. 
Blood exams. Samples of 15 mL of 
blood were collected to perform blood count 
tests with quantitative and qualitative analysis 
of the three blood series (erythrocytes, leuko-
cytes, and platelets) and reticulocyte count in 
EDTA tubes, in addition to AST, ALT, GGT, 
total bilirubin, and fractions, and LDH, HSV, 
CRP and ANF were tested. For conducting 
the comet and MN tests, 5mL of blood was 
collected in tubes with heparin. The non-
parametric Mann-Whitney test was used to 
evaluate the differences between the quantita-
tive clinical variables between the exposed 
group and control group, since the normality 
assumption was not verified using the 
Shapiro-Wilk test. The data of the research 
were treated in the statistical program IBM 
SPSS, version 20. 
Comet assay. After collection, the blood 
was stored at room temperature until the 
Comet assay that was in three hours. We fol-
lowed the protocol for preparation of comets 
of leukocytes on slides and visualized by light 
microscopy (100x magnification) [7]. One 
hundred comets per individual were analyzed 
using the image analysis system and were 
classified as 0, 1, 2, 3 and 4. The Genetic 
Damage Indicator (IDG) was calculated as 
seen in previous publications [10, 12, 14]. 
Comet tail classification was performed ac-
cording to double-blind visual criteria of the 
first and then confirmed by a second examin-
er. In case of a disagreement, the two observ-
ers discussed it to reach a conclusion. A non-
parametric Wilcoxon test was used for the 
evaluation of differences between the fre-
quency of shorter comets [IDG 0, 1, 2] and 
the frequency of longer comets [IDG 3, 4], 
since the data did not follow Gaussian distri-
bution. The data of the research were treated 
in the statistical program PASW, version 18. 
Micronucleus test. The blood was 
smeared on microscope slides. The smears 
were air dried, stained by May Grünwald-
Giemsa. Two slides were prepared for each 
subject and 1000 erythrocytes per slide were 
examined to determine the MN frequency 
[15]. The Mann-Whitney non-parametric test 
was used to evaluate the differences between 
micronuclei number in 1,000 erythrocytes be-
tween the exposed group and control group, 
since the normality assumption was not veri-
fied using the Shapiro-Wilk test. The data of 
the research were treated in the statistical pro-
gram IBM SPSS, version 20. 
Results and discussion. Table 1 shows 
the number of participants/gender and the la-
boratory tests of this study. The median age of 
the exposed group was 38 years old, and 42.5 
for the control group. Clinical complaints 
were reported by the GSW. The most relevant 
were headache (32%) and fatigue (20%), lipo-
thymia (11%), and less commonly sleepless-
ness and crustiness (both 5%), drowsiness 
(4%), irritability (3%), and pruritus (1%). 
The enzymatic hepatic damage evalua-
tion is shown in Table 2. The exposed group 
presented a significantly higher level for bili-
rubin (mean 0.69, P<0.0002), AST (mean 
27.97, P<0.05) and LDH (301.3, P<0.05). 
Table 1 
Number and gender of participants 
Parameter Exposed Controls 
Comet test 57 / M=24 F=33 127 / M=69 F=58 
Micronucleus test 90 / M=43 F=47 124 / M=64 F=60 
Blood counting 88/ M=43 F=45 119 / M=56 F=63 
ᵞGT 88 / M=43 F=45 116 / M=56 F=60 
ALT 88 / M=43 F=45 119 / M=56 F=63 
LDH 88 / M=43 F=45 119 / M=56 F=63 
AST 88 / M=43 F=45 124 / M=64 F=60 
Bilirubin 88 / M=43 F=45 119 / M=56 F=63 
Note: F = Female, M = Male. Inconsistent numbers due failure/absence of blood test reagents or collection. 
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N Mean SD 1Q Median 3Q 
Bilirubin Exposed 88 0.69 0.46 0.32 0.52 0.98 0.0002 
Bilirubin Control 119 0.44 0.26 0.27 0.37 0.52 
ᵞGT Exposed 88 39.48 34.07 21.00 31.00 43.00 0.0709 
ᵞGT Control 116 38.81 46.55 17.00 23.50 43.50 
AST Exposed 88 27.97 31.86 18.25 22.00 29.00 0.0431 
AST Control 124 22.85 12.73 17.00 20.50 25.00 
ALT Exposed 88 25.85 18.1 14 20 31 0.5168 
ALT Control 119 23.62 17.27 13 19 28 
LDH Exposed 88 301.3 104.6 228 283.5 358.5 <0.001 
LDH Control 119 202.56 52.23 165 200 232 
Note: ᵞGT = Glutamyl transferase, AST = Aspartate transaminase, ALT = Alanine transaminase, LDH = Lactate Dehy-
drogenase. The probabilities of significance (P value) refer to the Mann-Whitney test. 
In regard to the blood count results, leu-
kocytosis (10/88), leukopenia (4/88), neutro-
penia (6/88), and lymphocytosis (13/88) were 
detected. Normochromic and normocytic 
anemia (not associated with higher LDH, see 
Table 3) and polycythemia were the altera-
tions found in the red blood cell section, the 
latter was seen in 5/88 workers (one blood 
collection alone). Because of the hard condi-
tions to perform the propaedeutic adequately 
in a gas station room, it was not possible to 
make differential diagnosis of polycythemia 
because the exams for dehydration, chronic 
obstructive pulmonary, and predisposition to 
clonal changes could not be assessed. 
Table 3 
Assessment of LDH concentration and the presence or absence of anemia 
Note: G1 = workers with ≤ 3 years of exposure, G2 = workers with > 3 years of exposure. The probabilities 
of significance (P-value) refer to the Mann-Whitney test. 
The two patients that were being treated in 
our hospital had pancytopenia, biopsy showing 
bone marrow hypoplasia, with normal karyotype 
and no vitamins deficiency, that a diagnosis of 
severe aplastic anemia, in all instances, could be 
attributed to chronic exposure to aromatic hydro-
carbons. One patient was a male petrochemical 
worker with fifteen years of exposure. He was 
treated at Pedro Ernesto University Hospital for 
sepsis, and cellulitis of the left leg, leading to the 
amputation of this leg and later resolution of the 
problems with amplified antibiotics and bone 
marrow recovery. This man retired due to disa-
bility and he was followed up by physicians. The 
other patient was a 30-year-old male gas station 




N Mean SD Q1 Median Q3 
LDH (U/L) – G1 No 41 339.59 110.584 267.50 340.00 370.00 0.131 
Yes 7 276.29 82.476 210.00 241.00 352.00 
LDH (U/L) – G2 No 27 276.85 99.410 204.00 238.00 371.00 0.391 
Yes 12 231.58 59.888 193.50 246.50 286.50 
LDH (U/L) – G1 + G2 No 68 314.68 109.964 231.50 290.50 370.25 0.014 
Yes 19 248.05 70.357 204.00 241.00 294.00 
LDH (U/L) - controls No 109 202.38 51.427 165.00 200.00 231.00 0.481 
Yes 10 219.60 65.337 165.75 207.00 263.00 
Table 2 
Biochemical variables in the exposed groups x the control´s 
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openia and hemiplegia of inferior members; he 
died of sepsis after three months. 
As for the class of the comet tails, they 
were significantly higher for G1 (P = 0.001) 
and for the total workers (P = 0.001), indicat-
ing early DNA damage. For G2 the signifi-
cance was borderline (P = 0.05), see Table 4. 
Examples of comets (0 - 4) can be seen in Fig. 
1 (A - E), respectively. 
Table 4 
Distribution of frequency of comets [IDG 0, 1, 2] and comets [IDG 3, 4] in the exposed group 
Note: G1 = ≤ 3 years of exposure, and G2 = > 3 years of exposure. The probabilities of significance (P-value) refer to 
the Wilcoxon test. IDG = Genetic Damage Indicator. 
Fig 1. Comets and MN 
(A) Comet class 0; (B) Comet class 1; (C) Comet class 2; (D) Comet class 3; (E) Comet class 4; (F) 
Micronucleus (arrow), May Grünwald-Giemsa stain 
The MN test result was not significant 
when the groups G1 (workers ≤ 3 years of 
exposure) and G2 (workers with > 3 years of 




N Mean D.P 1Q Median 3Q 
0, 1, 2 G1 44 12.91 9.80 7.00 9.50 14.75 <0.001 
3, 4 44 72.16 39.50 57.00 61.00 72.75 
0, 1, 2 G2 13 45.62 23.54 23.00 45.00 61.50 0.050 
3, 4 13 87.00 65.95 51.00 63.00 98.50 
0, 1, 2 Total Exposed 57 20.37 19.60 9.00 11.00 24.00 <0.001 
3, 4 57 75.54 46.58 55.00 61.00 77.00 
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however, the result was significant for the to-
tal workers group (P = 0.034), see Table 5. 
Example of MN can be seen in Fig. 1F. 
Table 5 




N Mean SD 1Q Median 3Q 
G1 47 12.30 5.00 8.00 12.00 16.00 0.069 
Control 123 10.44 5.82 6.00 11.00 16.00 
G2 43 11.79 3.81 9.00 11.00 14.00 0.141 
Control 124 10.38 5.83 5.25 11.00 15.75 
Total Exposed 90 12.06 4.46 9.00 11.50 16.00 0.034 
Control 124 10.38 5.83 5.25 11.00 15.75 
Note: MN = Micronucleus, G1 = workers with ≤ 3 years of exposition, and G2 = workers with > 3 years of exposition. 
The probabilities of significance (P-value) refer to the Mann-Whitney test.  
Alterations in the blood of the workers 
were observed, including anemia, polycythe-
mia, and leukocytosis; the latter two are not 
commonly described in current literature. 
These alterations in the blood are not de-
scribed as chronic benzene poisoning alone. 
On the other hand, in spite of the difficult 
conditions for performing the propaedeutic 
adequately in a gas station room, it is not pos-
sible to think of another diagnosis, for exam-
ple, cyanocobalamin vitamin or folic acid de-
ficiencies. Increased levels of hemoglobin and 
hematocrit could indicate dehydration, chron-
ic obstructive pulmonary and clonal changes 
predisposition could not be assessed in the gas 
station workers. It is worth noting the hot 
weather in Rio de Janeiro. Some experimental 
studies have demonstrated the association be-
tween anemia and benzene exposure [3, 16]. 
Experimental and clinical studies rein-
force that aromatic hydrocarbons can cause 
liver damage [16-19]. Biochemical markers of 
enzymatic hepatic damage (bilirubin, AST, 
and LDH) were increased. Metabolic, infec-
tious and immunologic injuries, such as 
overweight and steatohepatitis, primary bili-
ary cirrhosis, alcohol drinking, viral infection, 
hepatocellular, carcinoma, and untoward drug 
side effects also cause the same biochemical 
markers to rise [15, 17, 18]. Therefore, inter-
preting these results is difficult without any 
complementary exam, especially because 
12% (11/88) of GSW reported that they had 
alcoholic histories, but only two had increased 
levels of LDH. Neither a higher LDH level 
nor alcoholism was associated with anemia 
(Table 3), indicating that the anemia was not 
due to hemolytic compounds [20, 21] an in-
flammatory response might explain this re-
sult. As it is unclear whether the aromatic hy-
drocarbons exposure causes the liver damage, 
we suggest that a series of studies, excluding 
the confounding factors, be conducted in the 
future. 
Micronuclei and comet techniques are 
not new and have been applied in other stud-
ies for the purpose of comprehensive biologi-
cal monitoring [22-24]. The use of procedures 
to monitor the group of workers is very im-
portant in pointing out DNA damage. In order 
to test the influence of the time of exposure 
on the increasing formation of micronucleus 
and comet assay, we divided the workers into 
two groups: G1, ≤ 3 years of exposure; and 
G2, > 3 years. As for MN analysis, it was not 
possible to differentiate between G1 
and G2 (Table 5), and only the total number 
of workers was significant (P = 0.034). 
However, with regard to the class of the 
comet tails, they were statistically longer in 
G1 (P = 0.001, Table 4) in compari-son to the 
control group; G2, was borderline (P = 0.005) 
probably because the N was small and the 
total was clearly differentiated (P = 0.001). In 
our work group population, the comet assay 
seemed to be more sensitive than MN test. 
Using the micronuclei and single-cell gel 
electrophoretic techniques many au-thors 
discussed the DNA damage findings on 
benzene exposure effects, excluding those 
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caused by smoking; some of them also tested 
other substances [25-31]. 
According to the clinical questionnaires, 
it was observed that none of the exposed 
workers had occupational diseases according 
to the Brazilian Ministry of Labor and Em-
ployment criteria. In spite of that, the workers 
presented a wide range of clinical complaints. 
Other papers have reported the same symp-
toms in GSW [1, 32]. Our study is especially 
important because it includes a high number 
of females; most studies reported data only 
from male workers. 
We asked the GSW presenting symp-
toms why they did not seek health care. The 
excuse was that they did not want to use their 
days off for doctors´ visits and exams. On the 
other hand, the employers did not release 
them from a shift to be able to perform X-rays 
and abdominal ultrasound tests, available only 
in the hospital. We emphasize that although 
the workers were not considered ill, the re-
sults of the DNA damage tests (comet and 
micronuclei assays) indicated that damage 
was occurring, and in the long run, chronic 
diseases, even cancer, could rise consequently 
[31, 33]. The fact that two inpatients were in a 
prolonged-stay unit of intensive care at HUPE 
and had a history of exposure to aromatic hy-
drocarbons over five years, and finally were 
diagnosed as severe aplastic anemia, indicated 
a threat to their health. We think that one bio-
logical biomarker may be insufficient for sur-
veillance, so other molecular and cytogenetic 
assays are necessary as well as additional pe-
riodic clinical examinations. The workers 
should be more frequently examined, consid-
ering their ongoing genome risks. It is up to 
the authorities to seek solutions to the prob-
lem of improper health care of these workers. 
Conclusion. The most relevant com-
plaints were headache, fatigue, and lipothy-
mia. Alterations in the blood of the workers 
were observed including polycythemia, ane-
mia, higher LDH and leukocytosis, indicating 
health problems. The genotoxicity assays 
suggested DNA damage and the comet test 
seemed to be more sensitive than the micro-
nucleus test for surveillance. We hope that the 
results can guide the competent authorities to 
take the correct measures that enable to per-
form more effective surveillance of popula-
tions occupationally exposed to benzene, in 
particular, gas stations workers, in order to 
prevent cancer and other diseases associated 
with benzene and other compounds exposure; 
as well as improvement of routine health care, 
and surveillance of genome damage. 
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